evidence of their incidence and severity. Yet, with progress in substitution therapy and with the newer methods at our disposal for the recognition of disturbances in endocrine function, such information is of increasing value. Accordingly, the pathological changes present in adrenals, thymus, pancreas, pituitary and thyroid have been reviewed in material available from a series of 37 necropsies performed on cases of Addison's disease at the London Hospital between 1912 and 1951. The purpose of this analysis is to evaluate the extent to which these various glands are affected in Addison's disease; attention will also be drawn to those aspects of the pathogenesis of these changes which are still obscure; and it will be shown that there are differences between the pathology of idiopathic and tuberculous Addison's disease which may prove of value in the clinical differentiation of these conditions. In this series the diagnosis of Addison's disease rests primarily upon the presence in 15 cases, 9 women and 6 men, of idiopathic atrophy of the adrenals, and in 22 cases, 9 women and 13 men, of granulomatous and fibrocaseous tuberculosis of the adrenals: in both groups most cases died between their twentieth and fiftieth years. In none of the idiopathic group was there the simple atrophy of the adrenals characteristic of Simmonds' disease (Crooke and Russell, 1935) ; Simmonds' disease was also excluded in all save 3 of these cases by the macroscopic examination of the pituitary. Evidence of buccal and cutaneous pigmentation was present in nearly every case, and in retrospect there was nearly always evidence of asthenia, abdominal disturbance and hypotension. Associated endocrine disorders such as myxcedema and hypopituitarism were not diagnosed, but one case presented with severe hypoglycxmia only to develop diabetes mellitus (Simpson, 1932) . Active and progressive tuberculosis was present elsewhere in the body in 3 cases of the first group; in 7 there were small fibrocaseous pulmonary lesions, while in the remainder similar lesions were scarred and obsolete. In 5 of the 15 idiopathic cases there were tuberculous lesions in these last two categories. The average duration of the disease, a figure difficult to assess, was thirteen months in the idiopathic group and twelve in the tuberculous. Treatment varied greatly, but the 2 cases with longest survival, 1 tuberculous and 1 idiopathic, survived sixty and forty-eight months respectively. Both were given Eucortin in their last six months but otherwise received no specific treatment.
Histories of this duration are probably explained by the fact that in many cases there was a moderate amount of surviving cortical tissue. This is reflected by the variation encountered in the weight of the adrenals in idiopathic Addison's disease, namely between 1 9 and 4-6 grams in 11 instances (average 2-7 grams). The lowest figure is a rough measure of medulla and condensed connective tissue, so that from the uppermost figure it can be deduced that there was as much as 2-7 grams of surviving cortex. The corresponding average weight of cortical tissue in Simmonds' disease deduced from data reviewed by Sheehan (1939) would be rather higher, namely 3 6 grams. Weight for weight, however, less hypofunction might be expected in Simmonds' disease, since the cortex retains its zonal pattern and is uninflamed. Conversely in our cases of Addison's disease the cortex was characteristically composed of groups of large cells somewhat resembling hepatic regeneration nodules. There was a moderate and variable lymphoid infiltration. This always in slight degree affected the medulla also, which, however, appeared otherwise normal. Such "fibrosis" as was present I would ascribe merely to a condensation of connective tissue. The vessels were normal save in 3 female cases in each of which an artery was somewhat narrowed by what was probably organized thrombus. In 2 other cases there were small focal deposits of haemosiderin in the cortex.
These changes are to be contrasted with those found in the tuberculous adrenals, where the gland was usually enlarged by a fibrocaseous lesion in which surviving islands of cortex were scanty and medulla difficult to identify with certainty (Table I ). It is unlikely that this apparent difference in the amount of surviving cortical tissue was entirely due to the greater amount of tissue which required to be examined in the enlarged tuberculous adrenal. It would be reasonable therefore on morphological grounds to expect a greater diminution in cortical, and more particularly in medullary, function in tuberculous than in idiopathic
Addison's disease.
The pathogenesis of these lesions is still in part obscure: for our understanding of the pathogenesis of the idiopathic lesion has not been advanced since Wells (1930) likened it to acute yellow atrophy of the liver. Evidence of some acute episode of necrosis or hemorrhage (Crawford, 1951) was not obtained from the histories of any of these cases.
The thymus (Table II) .. 13, 2-9, 22-9, 28-2, 16-9 grams (*, 0, i, i, i glandular) 47 years..
11-2 grams (3 glandular)
index of residual adrenal function, for it is recognized that in animals the thymus enlarges after adrenalectomy (Jaffe, 1924) . However, satisfactory information concerning the thymus in Addison's disease, that is data including the weight of the gland and some indication of the amount of glandular (lymphoid) tissue, is confined to 2 cases described by Hammar (1929) , in 1 of which there was hypertrophy. The necessary data were available in 18 cases of the present series and in 34 necropsies performed between 1927 and 1932 on cases diagnosed clinically as thyrotoxic. The proportion of glandular tissue was assessed in microscopic preparations and from this and the weight of the whole gland the "weight" of glandular tissue was estimated. Two unjustified assumptions were made, first that the sections examined were representative of the whole gland, and second that connective and adipose tissue and lymphoid tissue were of the same specific gravity. These data, when compared with Hammar's (1926) for the normal thymus, corroborated his finding (1929) that there was a gross and frequent increase in the "weight" of glandular tissue in thyrotoxicosis. There was, however, no comparable tendency in Addison's disease although in 7 of 18 instances the glandular tissue was increased in amount. Indeed, it is of interest that the whole thymus was never of abnormal weight. As for the hyperplasia of lymphoid tissue which has been said to occur throughout the body in Addison's disease, the difficulties in assessing this have been discussed elsewhere (Young and Turnbull, 1926) , and no conclusion could be reached in this series. This is not to deny that there may be in Addison's disease a tendency towards thymic hypertrophy, perhaps concealed by factors such as infection causing accidental thymic involution. The alternative view is that thymic hypertrophy is infrequent in Addison's disease. The absence of this change might then be an indication of residual adrenal function. Evidence on this point was equivocal in our series, for there was no good morphological correlation between the amount of surviving cortical tissue and the "weight" of the thymic glandular tissue. Indeed, if the latter is any guide to adrenal function, then the fact that in 26 of 34 thyrotoxic cases the adrenals were of normal weight by Castaldi's standards (Castaldi and Vanucci, 1927) suggests that the morphology of the adrenal is a poor index of its function. In 6 of the remaining 8 thyrotoxic cases the adrenals were slightly enlarged, and in 1 of these the thymic glandular tissue was increased. In 1 of 2 cases with small adrenals thymic glandular tissue was also increased.
With regard to the pancreas, it has recently been claimed that there is invariably an islet-cell hyperplasia in Addison's disease (Hinerman, 1951) , an interesting observation in view of the tendency of patients to develop hypoglycrmia. However, the examination of the pancreas in 16 of our cases failed to confirm Hinerman's findings, although in 2 idiopathic cases there were small islet-cell adenomata, tumours hitherto unrecognized in this condition (Sloper, 1954) . In general the pancreas tended to be diminished in weight, and once, in the presence of diabetes, was undoubtedly atrophic.
The pituitary was examined in 18 instances, 5 of which were originally used for differential counts, following Rasmussen, by Crooke and Russell (1935) . In the remaining 13 instances similar counts were performed, but on one section only instead of three. In 7 instances only sagittal sections were available. The whole series, with these severe limitations, nevertheless corroborates Crooke and Russell's findings. There was a marked fall in basophils, and a lesser although definite fall in acidophils (Table III) . Indeed, were it possible ta show that lymphoid atrophy of the adrenal, like lymphoid atrophy of the thyroid, can occur in Simmonds' disease, then it might reasonably be suggested on morphological grounds that in idiopathic Addison's disease the primary dysfunction lies in the pituitary. Certainly the tendency towards panhypopituitarism suggested by the fall in both basophils and acidophils indicates a need for broadening of the scope of substitution therapy. There is, however, evidence consistent with great pituitary activity in Addison's disease: for in untreated patients; unlike normal persons, ACTH can be found in the blood (Paris et al., 1954) , evidence which indicates a discrepancy between the morphology and function of the pituitary in Addison's disease. With regard to the pathogenesis of these pituitary changes, it seems to be held that they are secondary to the adrenal dysfunction; but they have yet to be reproduced in their entirety in the adrenalectomized animal. Little attention has been paid to the neurohypophysis in Addison's disease. Now adrenalectomy in the rat (Malander and Corbetta, 1953; Cavallero et al., 1954) leads to the loss of stainable "neurosecretory" material from the posterior pituitary. This material is held to represent either posterior pituitary hormone or a bearer substance for this hormone. Accordingly, since there is a diminution in water-diuresis in Addison's disease (Homer Smith, 1951) , it seemed profitable to examine the distribution of hypothalamic and posterior pituitary "'neurosecretory" material in this condition. In the single case so far studied this stainable material appeared normal in amount. With regard to the thyroid (Table IV) , it is important to note that in 10 of the 21 glands studied (Sloper, 1953) no definite pathological change was found, although in a number of instances there was a slight and variable lymphoid infiltration, a lesion which is in fact a normal finding in patients after the fifth decade. In 9 instances, 7 in idiopathic Addison's disease, the gland was either abnormal or probably abnormal, while in 2 instances the gland showed slight simple atrophy. Characteristically the severely affected gland, although of normal or diminished weight, was similar in other respects to the goitre found in Hashimoto's disease. This form of accelerated lymphoid involution, although not accompanied in our series by overt myxcedema, may in future be capable of clinical recognition, and may thus help in the recognition of idiopathic Addison's disease, with which it is usually associated. This lymphoid infiltration, like thymic hyperplasia, has been attributed directly to adrenal cortical hypofunction. However, in our series the association between thymic hyperplasia and lymphoid changes in the thyroid was probably fortuitous. Thus sections from thymus and thyroid were available in 17 instances: in 7 the thyroid was abnormal, and in 4 of these the thymic glandular tissue was increased: but in 3 of 10 cases with normal thyroids the thymic glandular tissue was also increased. Indeed, since a lymphoid infiltration commonly accompanies age-involution of the thyroid, it seems simpler to regard this infiltration merely as one aspect of accelerated involution of the thyroid and perhaps hypopituitary in origin. This lymphoid involution has not been reproduced in the adrenalectomized animal.
This analysis of post-mortem material thus reveals that, although the adrenal and pituitary are constantly affected in Addison's disease, pathological changes in thyroid, thymus, and pancreas are variable and inconstant. Particular attention is drawn to the presence in all the pituitaries examined of morphological changes consistent with a tendency towards hypopituitarism; to the presence in about a half the thyroids examined of a tendency towards involution; to the absence in many instances of evidence of thymic enlargement; and to the presence in two cases of small pancreatic islet-cell adenomata.
The pathogenesis of most of these lesions is still obscure, and this is true also of those affecting the adrenal in idiopathic Addison's disease. In the study of the pathogenesis of the extra-adrenal lesions it is clear that one obvious difference between the patient and the adrenalectomized animal should not be neglected, namely the frequent survival in the former of a variable amount of cortical and medullary tissue.
With regard to the differentiation between idiopathic and tuberculous Addison's disease, it is difficult to analyse the pathology of these conditions without feeling that it may be possible to distinguish them in life. The matter is of practical importance since there is the possibility that cortisone therapy may activate a tuberculous lesion. Further, it has been held (Sorkin, 1949) , although this was not particularly apparent in this post-mortem series, that idiopathic Addison's disease has a better prognosis than its tuberculous counterpart. The distinction cannot be made on age or sex incidence: again radiological evidence is inconclusive, for as Rowntree and Snell (1931) stated, adrenal calcification is not common in tuberculous Addison's disease. The presence of active and extensive tuberculosis elsewhere in the body certainly favours a tuberculous ctiology. This, however, was the exception in our series, and in general extra-adrenal tuberculous lesions were small and quiescent and occurred also in idiopathic Addison's disease. It is suggested therefore that further points of distinction should be sought, first in the greater tendency towards involution of the thyroid encountered in idiopathic Addison's disease; and second in the greater destruction of adrenal tissue, and in particular of medullary tissue, encountered in tuberculous Addison's disease.
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